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GEOPHYSICS.—Note on mean density of fractured rocks. GEORGE 
F. Becker, Geological Survey. 


In connection with the theory of isostasy changes in the mean 
density of rocks deserve study. CHARLES BABBAGE long since 
called attention to the effects of temperature in this regard. 
Another source of change in density is rupture; for since there is 
every reason to believe that the elasticity of volume for crystal- 
line solids is perfect, fissures in rocks represent voids, and dimin- 
ish density so long as they remain unfilled by secondary dep- 
osition. 

It is a familiar fact that orogenic movements are accompanied 
by extensive and minute fissuring as well as by folding and dis- 
tortion; and it is well known also that in many instances what 
at first sight resembles plastic folding or contortion turns out 
on close inspection to have resulted from the crushing of a bed 
or layer under confinement. Many years ago I came tothe 
conclusion that the residual, unfissured fragments in the Coast 
Ranges of California do not average larger than a hen’s egg. 
Such crushing must of course convert a vast amount of energy 
into heat, and in my opinion Mallet’s theories on this subject 
have not received the attention they deserve. Thermal effects, 
however, will not be discussed here, but only mechanical ones. 

A rude approximation to what happens when a brittle bed 
under confinement is bent may be imagined. The first step will 
be the formation of not more than four systems of fissures divid- 
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ing the mass into polyhedral fragments tightly pressed together. 
As flexure proceeds fragments will grind against one another, 
edges and corners being comminuted. It would seem prob- 
able that the original fragments would thus be more or less 
rounded, the interspaces becoming packed with attrition prod- 
ucts. In this condition the mass would somewhat resemble a 
pile of cannon balls in close order filled in say with buckshot. 
Now the interstitial space in closely piled spheres of the same 
radius is 0.2595 and if this space be filled with relatively very 
small spheres the voids would be reduced to the square of the 
fraction just stated or to between 6 and 7 per cent. If the buck- 
shot were mingled with fine birdshot the voids would be still 
further reduced. 

But the amount of voids can be found much more satisfactorily 
by experiment. If a tube of soft metal is filled with sulphur, 
run in in a liquid state, the pipe can be bent cold without collaps- 
ing, while, since sulphur is very brittle, the filling of the tube must 
be reduced to powder, with an accompanying diminution of 
density. At my request Mr. A. F. Melcher has made some trials 
by this method which will be described in the next note. The 
results show that the voids increase with the flexure up to a 
limit very nearly corresponding to the forecast which appar- 
ently represents a maximum reduction of density through rupture. 

Imagine a tabular mass of rock exposing a plane surface at 
sea level as wide and as long as a mountain range and extending 
toa depth of 120 km. Suppose it either to be unf'ssured or that 
any fissures once intersecting it had been solidly filled with vein 
minerals. Then suppose that by lateral horizontal forces the 
mass be crushed as the Coast Ranges and other ranges have been. 
There would be a tendency to diminish the cross sectional area, 
but it may be imagined that the reduced width is compensated 
by increased horizontal length. The result of the formation of 
voids through fracture must be upheaval and, if the voids amount 
throughout to 5 per cent, the elevation produced by these alone 
will average 6 kms. or say 20,000 feet. 

It is thus evident that the diminutién of density due to crush- 
ing is of the order of magnitude requisite to account for the 
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variations of topography in a sense compatible with isostasy. 
If too the forces to which crushing is due do not vary with depth 
and if the rocks are equally brittle, the compensation will also 
be uniformly distributed, except perhaps very close to the surface. 

If a mountain range were to form as here suggested, infiltra- 
tion would begin at once and the range would grow heavier 
unless erosion at least counterbalanced infiltration. A very an- 
cient range might be peneplained without disturbance of iso- 
static equilibrium; if erosion were to proceed pari passu with 
infiltration, but that being vastly improbable either a positive 
or a negative anomaly might be induced. 

Far be it from me to assert that the formation of voids explains 
orogeny; but it appears to be a vera causa giving results of the 
order of magnitude demanded and to be worthy of consideration 
in tectonic theory. 


GEOPHYSICS.—Note on the change of density of sulphur with 
rupture.. A. F. Me.cuer, Geological Survey. Communi- 
cated by GrorcE F. BEcKER. 

At the suggestion of Dr. G. F. Becker a few determinations 


have been made on the change, through rupture, of the density 
of sulphur. Six trial specimens were prepared, brass tubes of 
two different lengths and three different diameters being filled 
with sulphur. After the density of the samples had been deter- 
mined, they were bent as nearly into the form of a complete circle 
as could conveniently be done and then the density was deter- 
mined a second time. The second determination of density: 
compared with the initial determination gave the change in 
density due to the rupture of the sulphur in bending. 

The preparation and filling of the tubes with sulphur were not 
as easy as at first it would seem. Three of the tubes were 9 
inches long with an internal diameter of 0.6 inches. The other 
three tubes were 12 inches long and of two different diam- 
eters, two of the tubes having an internal diameter of 0.4 inches 
and the remaining tube an internal diameter of about 0.5 inches. 
The tubes were first annealed to insure easy bending without 


*! Published with the permission of the Director of the U. 8. Geological Survey. 
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breaking. In one end of the tube a closely fitting brass plug 
about 0.4 inches long was soldered. Through this plug and the 
tube a pin was soldered, in order that the plug might withstand 
the pressure of the sulphur under rupture. 

The tube and plug were then weighed and placed in an electric 
furnace and nearly filled with powdered sulphur. After the 
sulphur had melted it was stirred to eliminate air bubbles. The 
circuit was then broken and the sulphur allowed to crystallize. 
In the center of the column of sulphur was found a depression 
due to the fact that the density of sulphur increases on solidi- 
fying and that it crystallizes first on the sides of the tube. By - 
again melting the sulphur at the top or by adding more sulphur 
and melting it, this depression was largely, if not wholly, elimi- 
nated. Sometimes this process had to be repeated, working 
gradually towards the top of the tube. 

TABLE 1 


I ~ setae 


42.3654 


- ‘ nal : 
Weight of sulphur, grams 62.0683 62.7628 64.8365 
Vol. of sulphur, ce. (Density | 

SP whinesessenssidecins 32.67 33.03 34.12 22.30 
Decrease in weight due to 





1.6311 1.6884 1.9286 1.2434 
23.4° 23.4° 23 4° 27.3° 


0.99747+  0.997474+ | 0.99747+ | 0.99646 - 
1.6352 1.6927 1.9335 1.2478 1.7081 
Vol. of sulphur after bending.| 34.3052 34.7227 36.0535, 23.5478 25.3081 | 36.1401 
Density after bending 1.809 1.807 | 1.798 1.799 1.772 1.797 
Diminution in density + ini- | 

tial density 0.048 0.049 0.054 | 0.053 | 0.067 0.054 











After the sulphur column had been planed off the sample was 
again weighed, in order to get the weight of sulphur. Another 
closely fitting plug about 0.9 inches in length was then driven 
down in the open end of the tube against the surface of the 
sulphur and fastened by a pin and solder as in the previous case. 
It might be mentioned that some difficulty was encountered in 
soldering the plug and pin, due to the fact that sulphur melts 
at about 114°C. and solder at about 300°C. This difficulty was 
eliminated by using a large soldering iron and immersing the tube 
in water close up to the place of soldering. . 
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The density was then determined by the loss of weight in water 
before and after bending the sample, with the following results: 

The density of the sulphur, 1.9, was computed directly from 
the measurements of the tubes. This value is probably a little 
low as the diameter of the plug was taken for the diameter of 
the tube. However, a difference of 0.1 in density only gives a 
difference of about 0.002 in the diminution in density divided by 
the initial density. Other errors in the experiment may have 
arisen from wrinkles which sometimes form in the process of 
bending of the specimen, and to the plugs which may slightly 
protrude outside the tube unless the pin and plug are closely 
fitted and well soldered. The specimens were again weighed in 
air after the experiment, to see whether there was any change 
in weight due to leakage. 

Specimens III and VI were bent a second time with a change 
in the percentage decrease of density from 5.4 to 5.65 and 5.4 
to 5.47 respectively. The above data seem to indicate that as 
the deformation approaches a complete circle the change in the 
percentage decrease of density becomes less for equal increments 
of strain, as specimens III and VI were bent about the same 
amount, but VI was more nearly a complete circle than III before 
the second bending took place. 

The percentage-decrease in density of specimen V is higher 
than the others. The high value of V is probably due to better 
mechanical construction and better filling of the tube than for 
the other specimens and is perhaps more significant since none 
of the tubes can have been absolutely free from air bubbles. 
This specimen was bent very nearly into the form of a com- 
plete circle and no wrinkles or protrusion of the plugs could 
be detected. Upon opening the tube the filling was found to 
be apparently complete throughout with no noticeable central 
void or depression. 

The data obtained are not of the utmost precision, but are 
close enough to show that there is a decrease in density due 
to rupture and that the decrease in density approaches a 
value which is of the order of magnitude of 0.0673. This is 
the square of 0.2595 or of the interstitial space in closely piled 
spheres of equal radius. The approximation is apparently due 
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to the rounding off of the edges and corners of the fragments 
formed at the inception of bending. Evidently different values 
depending upon the amount of the strain and the nature of the 
substance strained might be obtained, but the present experi- 
ments indicate that 6.73 per cent is the limiting value for sulphur 
subjected to shear under ordinary hydrostatic pressure. Were 
the bending to be carried further, or to be repeated, it seems 
possible that a diminution of interstitial space would result. 

The author wishes to acknowledge his indebtedness to Mr. 
C. E. Van Orstrand for helpful suggestions made during the 
progress of the experiments. 


PHYSICS.—Combustion calorimetry and the heats of combustion 
of cane sugar, benzoic acid, and naphthalene.! Hoparr C. 
Dickinson, Bureau of Standards. 


The uniform standardization of combustion calorimeters of the 
Berthelot bomb type can best be accomplished by the combustion 
of substances having a known heat of combustion. A critical 
study of the stirred water calorimeter as used for bomb combus- 


tion shows that the sources of error are mainly of four kinds, 
viz., (1) temperature measurement, (2) evaporation, (3) lag effect, 
i.e., failure of some parts of the system to reach a steady con- 
dition with sufficient speed, and (4) uncertainties as to the 
boundaries of the calorimeter, i.e., as to what portions should 
be included in its heat capacity. It is shown that most of the 
errors may be avoided by the use of resistance thermometers 
and by the proper construction of the calorimeter and its jacket. 
The cooling corrections for a calorimeter designed in accordance 
with the conclusions reached can be made by a very simple pro- 
cedure and with an accuracy corresponding to perhaps 1 part in 
10,000 of the total amount of heat measured. 

A method of electrical calibration was used, which enables the 
results of combustion observations to be expressed directly in 
calories almost independently of the electric units, or, if the heat 

capacity of the electric heating element used in the calibration 


1 The complete paper under the above title will be published in the Bulletin of 
the Bureau of Standards. 
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is known, to be used to check serious errors in either the calori- 
metric system or the electrical calibrating system. 

Observations have been made with two different calorimeters 
built especially for the purpose and each calibrated by the above 
method several times independently. Both calibrations and com- 
bustions cover a period of more than three years during which 
time hundreds of observations have been made with different 
electrical equipment, and samples of material obtained from dif- 
ferent sources and purified at different times and in different ways. 

Determinations of the heat of combustion of napthalene gave 
9622 + 2 (20°) calories per gram weighed in air, with a maxi- 
mum deviation from the mean of about 5 in 10,000 for groups of 
observations upon the same samples and about the same maxi- 
mum deviation of different groups of observations from the mean 
of all, regardless of the sample. 

Determinations of the heat of combustion of benzoic acid 
gave 6329 + 1 (20°) calories per gram weighed in air, with a 
maximum deviation of about 1 in 1000 for the earlier experi- 
ments and 5 in 10,000 for the later ones. Observations taken 
on samples, some by no means pure, from different sources, 
show a maximum deviation of 15 in 10,000 and a mean deviation 
of 7 in 10,000. ; 

Determinations of the heat of combustion of sucrose, fewer in 
number, gave 3949 + 2 (20°) calories per gram weighed in air. 
The later observations show a maximum deviation of a little less 
than 1 in 1000 and a mean deviation of about 3 in 10,000, though 
the earlier ones show a maximum deviation of 15 in 10,000. — 

It appears that, of the three materials included in this investi- 
gation, benzoic acid is the most desirable as a combustion stand- 
ard, as indicated by the agreement between the results of different. 
observers. Napthalene has been found very reliable and con- 
venient, although it requires care in handlirg, since a gram 
bricquet will lose more than 1 mgm per hour by sublimation. 
An accuracy of 3 parts in 10,000 is attainable. Sucrose seems: 
not to be so well adapted for use as a combustion standard as: 
is benzoic acid, because of its lower heat of combustion, its fre- 
quent failure to ignite, and the lower precision of the results 
obtained. ‘ 
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PHYSICAL CHEMISTRY—The electrical resistance and criti- 
cal ranges of pure iron. G. K. Buresss and I. N. Keut- 
BERG, Bureau of Standards. 


The exact location and description of the critical ranges A, 
and A; of pure iron, determined by heating and cooling curves, 
has recently been published by the Bureau of Standards.' Dr. 
Benedicks of Stockholm has since carried out dilatation measure- 
ments? which show that A: is accompanied by an expansion 
change, hitherto undetected. Messrs. Honda and Ogura,’ 
following a number of other experimenters,‘ have plotted the 
magnetic and resistance-temperature curves for pure iron over 
the range 0° to 1000°C. Although their observations appear 
to give the general trend of the resistance-temperature curve 
of pure iron, they do not give an exact representation of the 
resistance changes taking place at A: and A;, mainly for lack 
of sensitiveness. 

In view of the importance of the subject and as providing a 
part of an adequate experimental basis for the elucidation of 
the question of the allotropy of iron, it was thought worth while 
to make as exact a determination of the resistance-temperature 
relation of pure iron as the experimental means at our command 
permitted, paying particular attention to the form of the curve 
over the A; and A; critical ranges. 

The experiments here described were begun in the summer 
of 1912 and several preliminary methods of experimentation 
were tried out before satisfactory sensitiveness, accuracy, speed 
in manipulation, and closeness of observations to each other 
were obtained. In some of the earlier work the method was 
tried of bringing the heating bath or furnace to a definite tempera- 


1G. K. Burgess and J. J. Crowe: Critical ranges A: and A; of pure iron, 
Bureau of Standards Scientific Paper No. 213. 1914. Also Bull. Am. Inst. Mining 
Engineers. October and December. 1913. 

? Carl Benedicks: Experiments on allotropy of iron: behavior of ferro-mag- 
netic mixtures; dilatation of pure iron. Jl. Iron and Steel Institute. May, 1914. 

? K. Honda and Y. Ogura: Uber die Beziehung zwischen den Anderungen der 
Magnetisierung und des elektrischen Widerstandes im Eisen, Stahl und Nickel 
bei hohen Temperaturen. Science Reports, University Sendai, 3: 113. 1914. 

‘See Bureau of Standards Reprint No. 213, above cited. 


« 
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ture and waiting for equilibrium to be established. It soon 
became evident that, although great sensitiveness and accuracy 
could be obtained, nevertheless it would take an infinite time 
to plot an entire resistance-temperature curve satisfactorily. 
The method adopted in the final series, and which satisfies all the 
above requirements, depends on the use of the cooling curve 
apparatus described in Bureau Reprint 213 (loc. cit.), together 
with a very sensitive, quickly manipulated and accurate Wheat- 
stone bridge, by means of which the resistances of an iron wire 
and one of platinum wound on the same support and enclosed in 
vacuo in quartz glass may be exactly compared every few seconds 
by the intermediary of a drum-chronograph recording the times 
at which the resistances are measured. In other words, we have 
used an electrical resistance cooling curve outfit of the highest 
attainable accuracy and sensitiveness. The temperatures are 








~tthotinshy Cement 
Fig. 1. Construction of platinum and iron thermometers. 


given in terms of the resistance of the platinum wire which 
serves as a thermometer integrating the temperature of the iron 
wire exactly. 


The construction of the combined platinum and iron thermometers 
is shown in figure 1. The platinum and iron wires of 0.2 mm. and 0.24 
mm. diameter, respectively, are wound on thin walled, unglazed hard 
porcelain insulators 6 cm. in length and separated by a strip of mica. 
The thermometers are of the compensated three-lead type with one 
common lead and a common battery lead, all four leads being of plati- 
num and provided with porcelain insulators. After winding the coils 
and before sealing off, the quartz containing tube was evacuated and, 
with the coils, heated to a bright red, thus partly annealing the wires 
and expelling gases. After sealing, the thermometers were again 
annealed to about 1000°C. in the electric furnace. Several platinum 
and iron thermometers were made in this way, the values of the resist- 
ances at 0°C. usually being about 1.5 ohms for the platinum and 1 
ohm for the iron. The length of the thermometer was about one-tenth 
that of the specially wound platinum resistance furnace used in taking 
the resistance observations. The iron was from samples of the purest 
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described in Reprint 213 (99.98 per cent iron). The design of the fur- 
nace and heating circuits were such that the rate of heating could be 
exactly controlled and the temperature of the iron was constant over 
its length at any instant. The Wheatstone bridge with which the 
best. series was taken is one designed by E. F. Mueller of this Bureau, 
it being a modification of the one described in B. S. Reprint 124, in which 
are also described the methods of use of the resistance pyrometer. 
The precision of the resistance measurements was better than 0.00001 
ohm and of the time 0.1 secs., or equivalent to 0.005°C. in tempera- 
ture differences and to 1 in 1,000,000 of the iron resistance at 800°C. 
This is some 1000 times the precision of Honda and Ogura. 
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Fig. 2. Resistance vs. temperature curves of pure iron. 


In all, six iron thermometers were used from three samples 
and all gave the same characteristics for pure iron. In figure 2 
are shown the observations of ‘the second heating and cooling 
curves taken with thermometer F-6, which are typical of the 
behavior of iron, and in figure 3 the temperature-coefficient of 
electrical resistance of pure iron, or more exactly the ratio of 
change of resistance of iron to that of platinum with temperature.® 


’Tables are given in the complete paper to be published by the Bureau of 
Standards of the actual observations from which these curves are drawn. 
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In figure 2, the observations on heating are represented by 
circles and on cooling by crosses. The shift of the heating curve 
with respect to the cooling curve appears to be real as shown, 
since the iron returns exactly to the same resistance at 0°C. after 
heating. This non-coincidence of heating and cooling curves is 
probably caused by the different rates of heating and cooling, 
the former being about 0.10 deg. / sec. and the latter 0.06 deg. / 
sec. at 900°C. 

It is seen from figures 2 and 3 that the resistance of iron in- 
creases from 0°C. without any anomalies—except possibly a 
minute one at 730°C., due to less than 0.01 per cent of carbon— 





Ae 
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Fig. 3. Temperature coefficient of pure iron. 





with a gradually increasing temperature coefficient to above 
650° or until the neighborhood of A, is reached. As Az is ap- 
proached the resistance rises rapidly, and at A; there is an in- 
flexion in the resistance-temperature curve shown as a cusp 
at 757°C. in the temperature-coefficient curve. At Ac; the resist- 
ance of iron falls abruptly by some 0.005 of its value, which is 
recovered within a 25° interval, and above Ac; increases gradually 
again. On cooling the reverse phenomenon is observed at 
Ar;, which is accompanied by a slight increase in resistance with 
falling temperature, preceded by an interval of relatively slight 
changes in resistance. These effects are shown best in the 
open scale plot in figure 2 of the A; region and in figure 3. 
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As closely as can be measured, the transformations Ac; and 
Ar; begin at the same temperature, 894°C. (see line AB of fig. 2); 
and as given by the resistance measurements, Ac; and Ar; each 
extend over the considerable temperature interval of 25°C. 

These resistance measurements therefore show that A: is a 
strictly reversible transformation and that A; is a transformation 
taking place at a higher temperature on heating than on cooling. 
Evidently, the two types of transformation are fundamentally 
different. 

The experiments here described are in agreement with the 
thermal observations previously recorded (see Reprint 213), 
although the position of maximum absorption or evolution of 
heat does not appear to coincide exactly with the temperatures 
at which the electrical resistance is changing most rapidly either 
at A, or A;. The type of phenomenon is however the same as 
given by either method for A: and A; respectively. 

Whether or not either or both of these critical ranges, A, 
and A;, is to be considered an “allotropic point” will depend on 
the definition of allotropy, about which there does not yet appear 
to be agreement. The reversible thermal and electrical behavior 
at A, appears to be somewhat similar to that of a pure substance 
at its melting point, while at A; there is a progressive change 
with temperature of the electrical and thermal properties which 
are not reversible, the reaction taking place at a higher tempera- 
ture on heating than on cooling. The A; change is certainly 
associated with recrystallization while no crystallographic change 
has as yet been found at A, which is also the temperature associa- 
ted with the abrupt, reversible change of iron from the ferro- 
magnetic to the para-magnetic states. 


GEOLOGY.—A new dip chart. Frep Evecrens Wriaut, Geo- 
physical Laboratory. 

In both structural and mining geology the problem frequently 
arises to determine the direction, on a given vertical section, of 
the trace of a bed or plane of known dip and strike. This direc- 
tion is the apparent dip of the stratum or vein as seen in the 
vertical section. This problem can be solved either by a purely 
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graphical method of projection’ or by use of the standard pro- 


jection-equation 
tan C = sin B .tan A (1) 


in which A is the true angular dip of the bed; B, the angle included 
between its line of strike and the vertical section; C, the desired 
angle of apparent dip as shown in the vertical section. 

A chart for the graphical solution of this equation was first 
proposed by D. F. Hewett;? and more recently the same chart 
(with a few additional curves and on a reduced scale) has been 
published by H. Bancroft.? On this chart the abscissae are 
the azimuth angles B; the ordinates, the true angular dips, A; 
and the curves, the angles C. For the C-curves below 80° the 
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Fig. 1. Diagram to illustrate the relations underlying the construction of 
the dip-chart (fig. 2). The sides are considered to be of unit length. The sine 
values from 0 to 1 (angles from 0° to 90°) are plotted directly as abscissae; tangent 
values from 0 to 1 (angles from 0° to 45°); as ordinates. The third variable is 
represented by radial lines which pass through the origin and the tangent divi- 
sions on the unit ordinate. 


interval is 5°; from 80° to 90° it is 2°. Under favorable con- 
ditions (B > 20°, C < 60°) the angle C can be read off directly 
with an error of about 0.5°; for dips greater than 60° the error 
may exceed 1°. This degree of accuracy is sufficient for most 
purposes. 

It is possible, however, to obtain more accurate results (cor- 
rect to 0.1° under favorable conditions) by use of a diagram 
(fig. 2) similar to that which was described sometime ago by the 
writer in a paper on “Graphical Methods in Microscopical Petro- 


1 Economic Geology, 9: 55. 1914. 
? Economic Geology, 7: 190. 1912. 
* Bull. Am. Inst. Mg. Eng., p. 1769. July. 1914. 
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8B 
c <45° c>4s° 


Fig. 2. Dip-chart. Graphical solution of the equation tan C = sin B tan A, 
in which A = true dip of bed, B = angle between line of strike of bed and ver- 
tical section, C = inclination, from the horizontal, of trace of bed on vertical 
section (apparent dip of bed in vertical section). For values of C < 45° use 
diagram a; for C > 45° use diagram 6. In these diagrams the arrows indicate 
the proper lines to follow in solving the equation for given values of A and B. 
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graphy.”* In this paper the general principles underlying the 
construction of graphical plots for the solution of equations are 
discussed in some detail; of these principles the most important 
are: (1) Uniformity in relative accuracy over the entire plot, and 
comparable to that which obtains in nature (distortion as slight 
as possible); (2) the use of straight lines rather than curves, 
wherever possible. In the present instance such uniformity is 
best obtained by plotting the sine and tangent functions directly 
rather than the angles themselves. The diagram is then a straight 
line diagram throughout and the distortion present corresponds 
to that of the equation itself.’ In the new chart all variables are 
represented in 1° intervals. The relations underlying the con- 
struction of this chart are shown in figures la and 1b in which 
the sides of the square (MOQ) are equal to unity. The triangles 
KOL and MON are similar and the proportion obtains 


KL : KO = MN : MO = MN. 
In figure 1a we have by construction 
KO = sin B, KL = tan C, and MN = tan A. 


On substituting these values in the above proportion we obtain 
equation (1) above. Similarly in figure 1b (C < 45°, tan C < 1) 
we get on substitution 


tan (90 — A) :sin B = tan (90 — C) 


an equation identical with (1). 

Compared with the Hewett chart the present chart has the 
advantage of greater precision but it is, in one respect, appar- 
ently less satisfactory, namely, that when the angle C < 45°, 


‘Am. J. Sci. (4), 36: 509-539. Plate VIII. 1913. 

5 From the standpoint of the graphical representation of an equation, we 
may consider the above equation to be an expression of direct relations be- 
tween the functions themselves rather than between the variables under the 
functions. Fundamentally, of course, the equation expresses relations between 
the variables, and the increments are so taken. The procedure here adopted 
amounts practically to the representation of each function by a scale so chosen 
that the resulting curves are straight lines. The same principle underlies the 
construction of the slide rule and other calculating devices; also the. use.of 
logarithmic paper. 
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diagram a (fig. 2) must be used, while for C > 45° diagram b 
(fig. 2) must be employed, and also the angles indicated in 
parenthesis (complements of the first). ‘This change results from 
the fact that the tangent values range from zero to infinity, 
whereas the chart extends only to unity and reciprocal values 
have to be taken for values above unity. Thus for the first 
case (C < 45°, tan C <1) the equation employed is 


tan CC =tanA 

snB 1 
while in the second case (C > 45°, tan C > 1) the equation is 
transformed to read 


1 1 
tan C _ tan A or {22 (90 — C) tan (90 — A) 
1 sin B 1 gin B 





or tanC = sinB. tanA 











The subtraction indicated in the last equation is accomplished 
by reading the numbers in parenthesis on the chart. 

Two examples will suffice to indicate the method of using the 
chart: 

(1) Find the apparent dip of a stratum, striking N 43.3° E 
and dipping 22.2°SZ, on a vertical N-S section. In this case 
B = 43.3°, A = 22.2°. C, which is always less than A, is accord- 
ingly < 45° and diagram a (fig. 2) is the correct one to use. 
From the chart we read off directly C = 15.6.° 

(2) A vein striking N 23° W and dipping 63° NE is crosscut 
on a vertical E-W section. Find the inclination, from the hori- 
zontal, of the its trace on this section. In this instance B = 67°, 
A = 63°; from the chart we find by use of diagram b (fig. 2) 
C = 61°. 

The chart has been found satisfactory and of great value in 
the graphical solution of transformation equations for projec- 
tion work in optical crystallography. It is here presented in 
the hope that it may prove of equal service in the solution of the 
problem to find, on a given vertical section, the apparent dip 
of a bed or vein. 
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GEOLOGY.—Post-Cretaceous history of the mountains of central 
western Wyoming.! Eniot BLACKWELDER, University of 
Wisconsin. 

The field includes the Teton, Gros Ventre and Wind River 
Ranges with their environs. A continuous plain of aggradation 
about the close of the Cretaceous period was deformed by fold- 
ing and overthrusting. Orogenic activity then ceased and the 
corrugated surface was sculptured into hills, mountains, and 
plains. The Wasatch and later Eocene and Oligocene conti- 
nental deposits were then strewn by rivers and allied agencies 
upon the denuded outcrops of weak strata rather than in struc- 
tural basins. Meanwhile, especially late in this sedimentary 
epoch, explosive volcanic eruptions added thick deposits of ash 
and breccia. — 

At a later time, probably in the Miocene, very gentle folding 
and normal faulting terminated the sedimentation and left new 
relief features, such as the great scarp of the Tetons, which were 
not accordant with those made at the close of the Cretaceous. 

The subsequent erosion of the district produced a peneplain 
on even the hardest rocks. This plain was probably the char- 
acteristic feature of the Pliocene, but it is now represented only 
by high-level remnants in the Wind River and perhaps other 
ranges. 

During the Quaternary, wide-spread elevatory movements with- 
out notable warping or faulting but perhaps with climatic changes 
induced the dissection of the peneplain by streams, wind and 
glaciers—in the order of their quantitative importance. The 
land forms, thus left, were controlled by the structure and rela- 
tive resistance of the rocks below. Thus, while broad plains 
were excavated in the Tertiary clays, only narrow canyons were 
carved in the Pre-Cambrian gneiss. 

Four distinct cycles of erosion later than the peneplain are 
distinguished and with them are associated three stages of Alpine 
glaciation. The oldest glacial deposits are the most widespread 
but have lost nearly ali traces of glacial topography. The two 


1 Published by permission of the Director, U. 8. Geological Survey. (To be 
printed in full in the Journal of Geology.) 





446 BLEININGER AND BROWN: VERITOS FIRING RINGS 


younger sets of moraines are similar to each other, in forms and 
relations, but show important differences in the effects of subse- 
quent erosion and weathering. The probable relations of the 
glacial stages to the erosional cycles are discussed. The activity 
of the wind in sculpture and deposition has been important. 
Interesting phenomena of gravity work, in the form of land-slides, 
earth-flows, and talus-glaciers receive brief mention. 


TECHNOLOGY.—The veritos firing rings. A. V. BLEININGER 
and G. H. Brown,' Bureau of Standards. Communicated 
by S. W. Stratron. 


In the pottery and other clay industries the heat effect due 
to the increasing kiln temperature is frequently determined from 
the shrinkage of unburned clay rings, of uniform composition 
and size, which are placed in different parts of the kiln. The 
shrinkage is measured by means of a simple calipering device 
which permits the reading of small differences in diameter. The 
object of the present work was the correlation of the arbitrary 
shrinkage number of the gauge with temperature as measured 
by means of standardized thermo-couples, so that the devices 
might be codrdinated with pyrometer practice. 

The work consisted in firing a number of these rings under 
conditions of constant temperature increase per unit time. Four 
firings were made with increases in temperature of 50, 25, 16.66 
and 12.5°C. per hour. At frequent intervals rings were with- 
drawn from the kiln and their diameters measured after cooling. 
The temperatures at which equal contraction takes place are 
higher the more rapid the firing. The differences diminish as 
the temperature rises. The shrinkages for the two lower firing 
rates tend to coincide as the heat absorption becomes constant. 
Porosity determinations were made in connection with the shrink- 
age measurements; these resulted in curves practically parallel 
to the linear contraction. The firing rings were found to answer 
the purposes for which they are intended satisfactorily. A new 
series of rings, intended for lower temperatures, was found to 
be unsatisfactory, owing to irregularities in shrinkage. 


1 To appear as Technologic Paper No. 40 of the Bureau of Standards. 
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ECONOMICS.—An objective standard of value derived from the 
principle of evolution—II. Aurrep J. Lorxa. Communi- 
cated by G. K. Buragss.! 


The question naturally arises, whether it is in any way possible 
to obtain a numerical estimate of the order of magnitude of the 


quantity x and thus to establish a connection between our 


theoretical considerations and practical, concrete economic data. 

The most obvious way to seek an answer to this question would, 
of course, be actually to determine or for at least one commodity. 
Unfortunately the difficulties in the way of carrying out this plan 
are equally obvious. We are therefore forced to have recourse to 
indirect methods. This is not without its compensations. For, 


quite apart from its bearing upon the theory of value, the physical 


quantity a is of considerable interest, and, since we can enter- 


tain but little hope of effecting its direct measurement in the near 
future, the discovery of any method, however rough, for gauging 
indirectly at least its order of magnitude, represents a distinct 
gain. 

The basis for such an indirect determination is furnished us by 
the fact that, by definition, an individual with a perfect sense of 
values would gauge all commodities at their ‘true’ values—or, 
as expressed by equations (12), (13), (18), (19) 

cae (23) 
om, 

Had we such an individual at our disposal, we could, by simply 
questioning him, obtain through (22) a measure of the “true” 
values in exchange of all commodities, and thus, all but for a 
constant factor, a measure of o for all commodities. 

In actual fact we cannot do this, but we can question an actual 
representative individual, or, what amounts to the same thing, 
we can ascertain the prices of goods upon the actual market, and 


1 Part I of this paper appeared in the August issue of this Journal, pp. 409-418. 
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thus determine, not the ‘‘true”’ or ‘‘ objective” values in exchange 
v, but the subjective values in exchange 


or 
y= Wtem oe te (24) 


where « may be regarded as a measure of the “‘error’’ of the sense 
of values of the representative individual in determining the value 
(per unit. mass) of the commodity A;. 

If we now make the assumption that « is as a rule a small 
quantity, so that for purposes of rough estimation we may neglect 
it, and write 


or 
= 5 = ) 


our problem is solved, all but for the determination of a constant 
factor; the uncertainty which thus remains is due to the fact that 
our representative individual is able to indicate only the ratio 2; : 
v,; and hence =. : = 

om, omy 
is unable to give us any information regarding the absolute value 


for any two commodities A; and Aj, but 


or , 
of — for any commodity. 


We can, however, remove also this last remaining uncertainty: 
From (22) we see that in the objective system a commodity has 
unit value per unit quantity if 


Fw't (26) 


oq 


On the other hand, according to our agreement regarding the 
measurement of labor per unit of time (see page 413 and equa- 
tion 5), we see that the unit of labor per unit of time has unit 
negative value, since by (5) and (22) 

o0 or 
——— 2 —_ = — 1 =V 27 
YAY A > an 

This completely determines the unit of value if the unit of 

labor per unit of time is given, or vice versa. We are at liberty 
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to fix one of these units arbitrarily—but then the other is fixed, 
in the objective system. 

Let us, then, arbitrarily fix the unit rate of labor (per unit of 
time) at one (average) man-day (as actually practised at the 
present time) per man per day. The value of this, in objective 
units of value, is in the system here discussed —1; this means that 
doing one such unit of labor per day represents a loss of one unit 
of value per day. If the wages received just compensate for this 
loss (as would be the case with entirely open competition and 
absence of all monopoly—one of our fundamental assumptions), 
then the value of the average daily wage received (under actually 
existing conditions) would be + 1 objective unit of value. But 
the average daily wage actually received under existing conditions 
is, in dollars, + 2 units, say. Hence one objective unit of value, 
as defined above, is (to the degree of approximation attainable by 
our rough method of estimation) equal to 2 dollars, or 1 dollar is 
equal to 0.5 objective units of value. 

Now if the rate of doing labor is measured in objective units, we 
have 

or 
SL 1 (27) 

If, on the other hand, it is measured in dollars per day, then, 
since 2 dollars per day is equal to 1 objective unit per day, we 
shall have 


or 
pe me = OF 28 
SE (28) 


Let us consider by the aid of a numerical example what this 
means. With the same assumptions as before, and an average 
daily wage of 2 dollars per day for one man-day per day of labor, 
let us suppose that the rate of labor were increased until it cor- 
responded to a fair wage of 2.01 dollars per day; that is to say, we 
are supposing that the rate of doing labor is increased by 0.005 
objective units of value. 

Then we should have 


or 


dr = aL, dL =-1 X 0.005 = -0.005 (29) 
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This means that the direct effect of such increase in the rate of 
doing labor, considered alone and apart from any accompanying 
or compensating influences (such as the additional wages received 
or their equivalent in product acquired) would be to decrease the 
natural rate of increase per head of the species (i.e., the excess of 
births over deaths) by 0.005. Thus, if before the change in the 
rate of doing labor, the rate of increase per head of the species 
had been 0.01, after the change it would be 0.005. 

This result may at first sight appear greatly at variance with 
observed facts. In construing it, however, and making com- 
parisons with actual observations, we have to bear in mind a 
number of points. 

In the first place it has been assumed above that the dollar is a 
definite and stable unit of value. If this condition is not satisfied 
(and in practice it is not) then evidently large changes in the 
average daily wage may take place without necessarily any change 
at all in the average rate of doing labor, and hence without nec- 
essarily any change in the natural rate of increase r. In other 
words, equations (27), (28), (29) apply of course only if a constant 
and consistent unit of value is employed. 

Furthermore, we have proceeded on the assumption that there 
is absolutely open competition, no sort of monopoly, in the com- 
munity under consideration, so that every person either consumes 
directly the products of his own labor, or receives a “fair” wage, 
i.e., the exact equivalent of the pains of his labor. The effect of 
monopolies would in general be to lower wages, since the employer 
is thereby placed in a position to dictate terms. This implies 
that the estimate of x obtained above would be too great (in 
absolute amount—it is of course a negative quantity). A similar 
effect would result from the influence of capital, which we have 
left out of account. 

Again, our assumption above, that ¢ is a small quantity requires 
a little more careful examination than we have so far given it. 
This assumption is probably justified for most of the common 
commodities of life, viewed generally. But if we single out some 
one commodity, we have no guarantee that it may not, through 
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some circumstance peculiar to its case, form an exception, and 
have a large error e. Now this will not seriously affect our argu- 
ment, provided only that such peculiar exception does not occur 
in the case of the one commodity which enters as a standard into 
our system—namely labor. Now it is quite possible that labor 
does constitute such an exceptional case: the sense of fatigue is 
given us to warn us of possible harm which may be incurred if 
labor is persisted in after it has become irksome beyond a certain 
point. It is well known that in many other instances nature pro- 
vides for emergencies by allowing a large “‘factor of safety,” and 
we may well expect that such a factor should enter as a correction 
in equation (27): The individual will not wait until that equation 
is satisfied, but will cease to labor as soon as 


or 
tig ee 30 
SX I ( ) 


where S is a factor of safety, and, as such, greater than unity. 


The neglect of this factor of safety in our estimate of a above 


wouid produce an error in the same direction as the neglect of the 
effect of monopolies and capital. The corrections to be applied 
would therefore all work in the same direction and tend to bring 


the value of 2 thus obtained into seemingly better harmony 
with the expectations which we are naturally led to entertain on 
the basis of observation. 

Lastly, we have made the assumption that w, = w: (m), ie., 
the marginal ophelimity of commodity A, depends only on the 
quantity of A; consumed per unit of time, and is independent of 
the rate of consumption of other commodities. This assumption 
is not strictly true in any case, and may be quite far from the 
truth in some cases. This assumption does not, however, mate- 
rially affect our arguments and conclusions, and was made here 
only for the sake of simplicity. The consideration of the more 
general case, in which this assumption is discarded, is passed over 
here, and will be found at the end of this paper. 
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There are certain apparent objections which naturally present 
themselves upon a first consideration of the measure of value here 
proposed. The first of these relates to the question of currency. 
The common standard of currency in most civilized countries is 
gold. Now it may be urged that to measure the value of an ounce 
of gold by its or. would be absurd. It is true that a certain 
‘limited quantity of gold is in use in the industries, where a definite 

or 
om 
circulates as currency, and such gold would be absolutely useless 
to a person isolated from commerce. It will rightly be urged that 


may properly be assigned to it. But the great bulk of gold 


here or. is practically zero, yet the gold has a very definite and 


high value in exchange. 

The fact is that currency is a “value” in a class by itself: it is 
strictly speaking not a value at all, but merely a certificate of 
ownership in values not specified in kind. The theory of currency 
therefore must be developed along special lines. There is no need 
to enter here into this aspect of our subject, as it is dealt with 
satisfactorily in the standard works on economics and currency, 
as for instance, in Irving Fisher’s The Purchasing Power of Money. 

Another set of values to which it may appear at first sight as if 
the standard of measurement here developed could not be applied 
is that of certain luxuries, such as gold ornaments, diamonds, and 
jewelry generally. The possession of these obviously can exert 
little or no direct influence upon the owner in such a way as to 
cause an increase (or decrease) in r. But it must be understood 


that in forming the differential coefficient not only the direct 


but also the indirect effects must be taken into account. And 
the indirect effect of luxuries in economics may be of the highest 
importance: The desire for their possession acts as an incentive 
to further effort to those who have already attained the bare 
necessities of life—often the very persons who by their superior 
ability are particularly qualified to render valuable services to 
the community by their activities. Such luxuries may be likened 
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to the spices added to food: they have not themselves any appre- 
ciable food-value; nevertheless they fulfill an important function 
in stimulating the appetite. And though the prime motive of the 
man who labors in order to secure for himself luxuries, while others 
are in actual want of necessities, may not be altruistic, neverthe- 
less, in all but exceptional cases his activity will on the whole 
contribute to the total assets of the community, whereas, as an 
idle non-producer he would still consume values without produc- 
ing any—in other words, much as the “‘idle rich” may resent the 
statement, he would in point of fact be living at the expense of the 
community, just like his despised brother in the poorhouse. 

This must not be taken to imply that the taste for luxuries is 
absolutely essential in an ideally constituted community: If all 
men were willing, after they have satisfied all their own wants, to 
continue laboring from purely philanthropic motives for the good 
of others, the useful function of luxuries, such as indicated above, 
would be eliminated. Just in the same way an individual with a 
thoroughly healthy and well-regulated appetite has no need of 
spices in his food, or of other stimulants. But in the existing 
order of things, which principally concerns the economist, luxuries 
do exert the beneficial influence indicated above, and therefore 
have a value, which is properly gauged, like that of any other 
commodity, by the differential coefficient o, formed with due 
regard to all the circumstances bearing upon the case. 

Somewhat similar is the answer with which the writer would 
forestall certain other objections which will no doubt be raised by 
some against the application of the standard of value here pro- 
posed: These persons will point out, perhaps with some feeling, 
that some of the greatest values of all, ethical and esthetic values, 
utterly fail to be justly gauged by their quantitative effect upon 
the rate of growth of the species. 

To this it is answered that ethical values, at any rate, have in 
the great majority of cases a very obviously beneficial effect upon 
the growth of the species. There is of course such a thing as 
misplaced charity, and ‘‘favoring the survival of the unfit’”— 
things which have been made the subject of considerable discussion 
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of late; but such modes of action, which from the point of view 
here developed must be considered to have a low or even a nega- 
tive value, will be admitted to be undesirable also from the point 
of view of ethics. 

Somewhat similar remarks apply in the case of esthetic values. 
There can be little doubt that our esthetic instinct fulfills some 
useful function, though it may not always be very apparent how. 
In many cases artistic feeling and expression is closely bound up 
with the manifestation of the mating instinct, and thus with the 
propagation and increase of the species. In other cases art is 
associated with the devotional phase of religion, an adjunct, and 
no doubt an effective auxiliary, to its ethical phase. That art 
in such connection as this serves a “useful” purpose, i.e., tends to 
increase r, and has therefore, according to our system, a positive 
value, needs no further demonstration, after what has been said 
above with regard to ethical values. 

“‘But,”’ perhaps some will say, ‘‘ Art and Ethical Conduct have 
a value quite apart from any benefits which they bring to the 
community.”’ With these there can be no arguing—they are 
merely expressing a personal conviction, voicing their own sub- 
jective sense of values. That this subjective sense of values is 
more or less at variance with the “true” or objective values of 
things is admitted; were this not so, the whole of the present 
investigation would be unnecessary. And if any person finds it 
utterly impossible to harmonize on some particular point his sub- 
jective sense of values with a proposed system of objective values, 
it is at least equally probable, a priori, that his sense of values is at 
fault, as that the proposed system of objective values is defective. 

Again, some may, urge that it is absurd to measure the benefit 
of any given thing to the species by its influence upon the ‘‘mere”’ 
number of individuals. To the consideration of those who would 
condemn this point of view as crassly material, we would respect- 
fully submit the fact that the number of ‘‘souls” is of necessity 
equal to the number of ‘‘bodies” in a community, and that if 
such a despicable thing as mere bread is necessary to increase and 
sustain the number of bodies of the community, it is quite equally 
essential to the increase (if not the sustenance) of the number of 
souls of that community. 
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Again, it may be objected, that in judging of the value of a given 
thing we cannot be guided by its influence on the mere number of 
individuals to which it contributes, but it is at least as important 
to take into account any effect which it may have upon the quality 
or character of such individuals. 

This is not disputed, but we have here specifically restricted 
our attentions to the consideration of one given type or species, 
the character of which is supposed to be given as one of the funda- 
mental data of our problem. In this case, the character of the 
species being constant, the value of a given object or circumstance 
to the species must necessarily find expression entirely in its effect 
on the number of individuals. Value is an essentially relative 
concept, and as such must be defined relatively to some one par- 
ticular type. To speak of the value of a pound of butter, or a bale 
of hay, or a dozen worms, is meaningless: to complete the state- 
ment we must speak of the value of a pound of butter to man, for 
example, of a bale of hay to a horse, or of a dozen worms to a star- 
ling. Hence in measuring the value of a given thing to a stated 
type of organism, we must consider this type as a given and fixed 
standard of reference, and then it follows, as indicated above, 
that the value of a given thing finds expression entirely in its effect 
upon the number of individuals. 

Extension of the concept of value by a generalization of the equation 
for the distribution of labor in different pursuits. In the preceding 
paragraphs we have dealt explicitly with the value of ‘‘material”’ 
commodities, which we have supposed to be measured, as regards 
quantity, in units of mass; and with the value of labor, which we 
have found it most convenient to suppose measured by the 
“fatigue” or discomfort incurred in such labor. Implicitly we 

_ have repeatedly had occasion to refer to other “‘things”’ or circum- 
stances which may possess the attribute of value. It is desirable 
to give some consideration to the exact treatment of this phase of 
our subject. 

Quite generally labor LZ (or its equivalent, such as certain 
amounts of “‘money”’ or “‘currency”’) may be spent, not only in 
the production of masses m, m:, . . . per unit of time of various 
material commodities A1, As, but also in maintaining certain param- 
eters X,, X;... at certain values 2, t. . .. Thus, every 





456 LOTKA: OBJECTIVE STANDARD OF VALUE 


civilized community spends a certain amount of labor and money 
on sanitary measures, the function of which is to keep the param- 
eters X;, X; ... , say the death rates from diseases Si, S;, at 
certain values 2;, 2; . .. Equation (3) for the distribution of 
labor in different pursuits is in point of fact incomplete in that it 
takes account only of labor spent in the production of material 
commodities measurable in units of mass. To complete it we 
must add to the right hand member a number of terms of the form 


og on , 
+ { an, Pit op? ; dL; (31) 
Equation (3) thus amplified by (31) is now in a form which 
covers in general all activities of a given species. For this reason 
it is of value in the treatment of the general theory of the struggle 
for survival, or in other words, the “evolution” in a system com- 
prising a number of different species of organisms. It is not pro- 
posed to enter here into detail as regards this phase of the subject. 
Case II. Lastly it remains for us to consider the general case, 
when w; is not a function of m; alone, as we assumed above, but 

when 
@®, = WwW) (mi, Me... an We = We (m, Me.. » (32) 


In other words, we now regard the marginal ophelimity of com- 
modity A; as depending not only on the rate of consumption of 
Aj, but also on that of the remaining commodities. In this case 
the total pleasure derived from the production and consumption of 
the increments dm,, dm, . .. of commodities A,, A... in 
general depends, not only on m, m: . . . , but also on the “path,” 
i.e. on the order in which the several commodities are produced 
and consumed. 
We can here still write 


dQ = (wi Pi + ws p's ) dL, + cee 


but we cannot simply put, as before, 
oo 


o,=— 


om; 


In fact, the value of the partial differential coefficient oa is in 
i 
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this case indeterminate, unless the ‘‘ path’’ of the change is defined. 
On the other hand, as soon as the path is defined, say by the condi- 
tion that certain parameters P are to be kept constant in forming 


the partial derivative 2 which latter we may accordingly write 
i 


(=), then the value of 
om, 


P 
Wj = 
i P 


becomes definite, and we have a definite value for 


‘ 


o2 
do = ( — } ~p: aL 
am, |» Pr it 

With a path thus prescribed we can apply exactly the same 
reasoning as before, and we shall have a precisely analogous 
set of equations, with only this difference, that everywhere for 


_ a we must write (Sr) (37) and similarly, for 4 
om; Of; om;/, ofi/p om; 


or : or or 
— we must write ( ) ( ) 
P P 


of; om, of; 

Thus, for a given prescribed path (order) or production and con- 
sumption we obtain a perfectly definite set of ‘‘true”’ or objective 
values: Both subjective and objective values are in this case 
dependent on the ‘‘path”’ of production and consumption. 

Finally, it may be remarked that in general, among the various 
possible paths there is one which makes the rate of increase r of 
the species an absolute maximum.’ In a specially restricted 
sense we might speak of the objective values corresponding to 
this path as the “true” values of the several commodities pro- 
duced and consumed. But the more general interpretation pre- 
viously indicated will probably be found more serviceable for the 
purposes for which the development here given has been worked 
out—that is to say, for the treatment of certain problems in the 
theory of evolution, as indicated by the writer elsewhere.* 

2 Compare Pareto, Manuel d’economie politique, 1909, 547. 


3 Jl. Washington Acad. Sci., 2: 2. 49. 66. 1912; Ann. Naturphil. 1911, 59; 
Phys. Review, 1912, 235; Am. Jl. Sci., 24: 199. 375. 1907. 
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CHEMISTRY.—Radioactivity of mineral waters. R. B. Doze. U.S. 
Geological Survey, Mineral Resources of the United States, 1913, 
Part II. Pages 433-440. 1914. 

The radioactivities of several well-known spring waters in Europe 
and in the United States are given with a brief discussion casting some 
doubt on the therapeutic value of natural radioactive waters. A select 
bibliography is appended. R. B. 


GEOLOGY.—Geology and ground waters of Florida. Grorcr C. Mat- 


son and SAMUEL Sanrorp. U.S. Geological Survey Water-Supply 
Paper No. 319. Pp. 445, with maps, sections, and views. (Prepared 
in codéperation between the U. S. Geological Survey and the Flor- 
ida Geological Survey, under the direction of Thomas Wayland 
Vaughan.) 

Through a region of low relief the topography of Florida is sufficiently 
diversified to be interesting. The important topographic features are 
consequent, superimposed, and extended rivers; lakes occupying basins 
due to irregularities of deposition or to solution of limestones; a shore line 
with forms determined by both constructive and destructive agencies. 
Among the most important and interesting of the shore features are the 
living and fossil coral reefs bordering the southern end of the Floridian 
peninsula, and the numerous bars, capes, and sounds produced by wave 
action along the shore. Pleistocene terraces are extensively developed 
and occupy a very large percentage of the surface in the state. 

Florida contains the most complete section of upper Tertiary deposits 
in the eastern part of the United States. Exposures of these formations 
are limited and consequently can be traced only short distances. This 
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has probably led to the introduction of a number of names for deposits 
-which upon further study can be placed in a single formation. An ex- 
ample of this is the Vicksburg group, consisting of limestones of lower 
Oligocene age, which is divided into three formations identical in litho- 
logic character but having slightly different geographic distributions. 
The upper Oligocene contains sands, clays, fuller’s earth, marls, and lime- 
stones. It is known as the Apalachicola group and comprises several 
formations that may eventually be reduced in number. 

The Miocene is well represented in western and central Florida by 
fossiliferous marl, and along the east coast by siliceous limestone. The 
Pliocene beds are of varying types, from the marine Caloosahatchie marl 
to the nonmarine vertebrate-bearing beds of the Alachua clay. Lime- 
stones including oolites and reef rock, partly coraliferous, of Pleistocene 
age, underlie most of the southern part of the state. Other Pleistocene 
beds comprise shell marl, coquina, and siliceous sand. 

The underground waters of Florida constitute a most important 
natural resource. The waters are generally hard from the abundance 
of limy material in the containing beds and in places are decidedly saline, 
but they are used as sources of supply for domestic and manufacturing 
purposes in many cities and villages. The conditions determining the 
occurrence of flowing wells, the distribution of flowing well areas, and 


the artesian prospects in each county are discussed in detail. 
G. C. M. 
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